Introduction
Apple (Malus domestica Borkh.) is the main temperate fruit crop and its production in Brazil is concentrated in South region, especially Santa Catarina and Rio Grande do Sul states, where 94% of the Brazilian apples are cultivated (IBGE, 2014) .
Due to the economic importance of apples, some studies have been conducted aiming to grow apples under different conditions from those required by this crop, detaching the researches under tropical climate in Ethopia (Ashebir et al., 2010) Kenia (Njuguna et al., 2004) , China (Liu et al. 2010) . In Brazil, apple cultivation has expanded for nontraditional regions of growing temperate fruit crops (Petri et al., 2011) detaching the research works performed successfully in semiarid climate of São Francisco Valley (Lopes et al., 2012 Santos, 2013; Oliveira et al., 2013) and west region of São Paulo State (Chagas et al., 2012) and Minas Gerais state (Oliveira et al., 2014) . Additionally, 'Eva' and 'Princesa' are early season apple cultivars with low chilling exigency, adapted for regions with soft winter, which has made possible to grow apples in areas with different climates, such as Bahia and Pernambuco states (Lopes et al., 2012; .
Due to apple has been cultivated out of its soil and climate comfort zone, for establishment of commercial orchards, some studies about agronomical management for pruning, pollination, pests and diseases control, beyond nitrogen fertilizing are necessary for both apple cultivars.
Nitrogen is very important for apple tree because its deficiency affects plant development, fruit yield and effective fruit set, beyond to favor early leaf drop and annual production alternation. The excess of N, on the other side, also is harmful because it stimulates excessive plant development, with negative effects on bud and fruit quality, especially for color, conservation and incidence of physiological disorders (Ernani et al., 2008) .
Despite the importance of nitrogen to the apple tree associated to its recent adaptation for different agroecological systems, nowadays the fertilizing recommendations for this crop are based on other states such as Santa Catarina, Rio Grande do Sul, Paraná, São Paulo and Minas Gerais. Thus for the effective supply of plant demand and an efficient N fertilizing it is necessary to consider the different climatic, soil and cultivar adaptation for Lower Basin of São Francisco Valley, a fact the highlights the importance of research works developed under field conditions. The present work aimed at evaluating the physical and chemical quality of 'Eva' e 'Princesa' apple fruits as a function of nitrogen fertilizing in Petrolina, Pernambuco state, Brazil.
Material and Methods
The experiment was conducted from July 2012 to January 2013 on an experimental orchard located in Campo Doro farm, in Petrolina (09° 21' S and 40º 34' W; at an altitude of 375 m above sea level), Lower Basin of São Francisco Valley, Brazil.
The climate of this region is classified as Bswh (Köeppen), which corresponds to a semiarid region. During the execution of the experiment, the climatic data were collected by a meteorological station installed inside the experimental station (Table 1) , while physical and chemical characteristics of the soil (Quartzipsamments) before the experiment are in Table 2 .
Before the execution of the experiment leaf samples were taken to access the plant nutritional status in marconutrients and micronutrients ( (1) N was quantified using sulfur digestion by semi-micro-Kjeldahl method; P, K, Ca, Mg, Cu, Fe, Mn and Zn were determined through nitric-perchloric digestion; B was obtained by azomethine-H method, through dry solubilization of Nachtigall et al. (2004) , four leaves per plant were taken from the middle part of the canopy at each cardinal point from 25 plants.
The experimental design was randomized blocks with treatments distributed in a factorial arrangement (4 x 2) referring to: i) apple cultivars (Eva and Princesa); and ii) nitrogen doses (40, 80, 120 and 160 kg of N ha -1 ) defined according to Ernani & Dias (1999) , with four replications and three plants in each parcel.
Apple cultivars studied in the experiment were 'Eva' and 'Princesa' , grafted in 'Maruba' rootstock with 'M9' interstock. The orchard was planted in 2009 using a conduction system with a central leader. The spacing between the rows was 4.0 m, and the spacing between the trees was 1.25 m. The trees were drip-irrigated each day with ten self-regulated emitters per tree with a flow of 2 L h -1 based on daily evapotranspiration registers recorded by the Embrapa Meteorological Station and corrected according to the apple culture coefficient (Kc).
Hand defoliation and fruiting pruning were realized in July 2012, cutting weak and non-productive branches, beyond standardized all branched with 50 cm long. After hand defoliation (July 2012), the apple trees were pruned and treated with 0.8% hydrogen cyanamide and 3.0% mineral oil (Assist ® ), 3.0% of color fix (Hi-Light ® ) and 2.0% of adhesive (Iharaguen-S ® ) following the recommendation of Lopes et al. (2012) .
Fruit thinning also was performed when fruit measured nearly 2.0 cm in diameter, keeping one or two fruits per floral bunch. The other cultural practices (pests and diseases management) were performed according to plant demands following the technical instructions of Nava et al. (2003) .
The nitrogen source used was calcium nitrate (15.5% of N), applied twice a week, during 40 days, reaching 12 fertilizings through irrigation water. The first N fertilizing was performed at 40 days after breaking dormancy. All plants were also fertilized with potassium sulphate (50% of K 2 O), triple superphosphate (45% of P 2 O 5 ), magnesium sulphate (15% of Mg), boric acid (17% of B) through irrigation water, according to instructions of Nava et al. (2003) . Zinc (Coda Zinc ® , 10.4% of Zn), magnesium (Coda Mg ® , 6.6% de Mg) and iron (Codamin Br ® , 2.0% of Fe; 1.0% of Zn; and 10% of amino acid) were leaf applied in 09/17/2012.
Apples of 'Eva' and 'Princesa' cultivars were manually harvested once a week from December 2012 to January 2013, during the first hours of the day, under commercial maturation that is characterized by yellow background skin color and red superficial skin color (Santos, 2013) . The fruits were placed in plastic bags and taken to the Post Harvest Physiology Laboratory of the Brazilian Agricultural Research Corporation (Embrapa Semiarido), Petrolina, Brazil.
For fruit analysis six fruits were used in each parcel, reaching 24 fruits per treatment, which were physically analyzed for fruit mass, skin color [luminosity parameters (darkness, varying from 0 = dark to 100 = white), Chroma (light saturation or light intensity, varying from 0 = impure color to 60 = pure color) and color angle or Hue angle (real color, 0º = red, 90º = yellow, 180º = green, 270º = blue and 360º = black)], fruit size (diameter and width) and pulp firmness. After these analyses, all fruits were processed using a fruit centrifuge and the pulps were used for analyses of titratable acidity (TA), soluble solids (SS) and ratio SS/TA, following the methods described by IAL (1985) .
Statistical analyses included analysis of variance for diagnostic of significant effect between apple cultivars on each nitrogen dose using 'F' test, mean separation of apple cultivars using Tukey test and regression analysis of nitrogen doses. All calculations were performed using the Assistat and Sigmaplot softwares.
Results and Dicussion
As can be seen in Table 4 all variables studied affected apple cultivar (P < 0.01), while the significant interaction between N doses and apple cultivar was recorded for fruit width (P < 0.01), and there was no effect of N doses for any variable recorded.
Titratable acidity (TA) and soluble solids (SS) were significantly higher for 'Eva' in comparison to 'Princesa' apple cultivar (Table 4) , which could be caused by endogenous factors of genetics of both cultivars since 'Eva' is grown for fruit yield while 'Princesa' is used as a pollinator cultivar (Nachtigall, 2004) . This result is in agreement with Santos (2013) and Chagas et al. (2012) also in study about Eva and Princesa apple cultivars. Despite the 'Eva' have presented significantly superiority for SS, the SS/TA ratio was higher in fruits of 'Princesa' (Table 4) that occurred due to the strongly lower TA of 'Princesa' fruits. This way, Cavalcante et al. (2012) argued that higher TA and SS individually present a false parameter for fruit quality, while the SS/TA ratio has been considered a practical and reliable variable, especially for fruits consumed as fresh fruit. When compared to the data quoted in the scientific literature the average SS/TA ratio values of the present study are higher than those recorded by Chagas et cv. -cultivar; V. C. -variation coefficient; SMD -significant minimum difference; ** -significant at P < 0.01; * -Significant at P < 0.05; Data followed by different letters in columns are significantly different according to Tukey test et al. (2007) apples with higher soluble solids and organic acids are more recommended for concentrated juice production, while fruits with higher SS/TA ration are sweet and able to consumption as fresh fruit. Indeed, whether considered this parameter, both apple cultivars studied presented averages higher than 20, thus they are considered sweet cultivars and able for consumption as fresh fruit, according to recommendations of Chagas et al. (2012) .
The average pulp firmness for cv. 'Princesa' was higher than that recorded for cv. 'Eva' , although for both cultivars the values are much lower than those registered by Santos (2013) for apples grown in Petrolina, Brazil. On the other hand, Chagas et al. (2012) evaluated 'Eva' and 'Princesa' in west region of São Paulo State and recorded the average values of 51.7 and 53.9 N, respectively, thus lower than those reported in the present study. For fruit firmness comparison between cultivars is relevant to detach that the high fruit firmness is a remarkable characteristic of cv. 'Princesa' (Oliveira et al., 2014) , with firm and crisp fresh pulp that is very important both for post-harvest storage and taste of most consumers, although in southern Brazil (Oliveira et al., 2014) this cultivar be considered more appropriate for industrial processing.
According to Domínguez (2008) , the UPOV (International Union for the Protection of New Varieties of Plants) classifies as 'very soft' the fruits with pulp firmness lower than 55.9 N, 'soft' the pulp firmness between 55.9 N and 68.3 N, 'average' the pulp firmness between 68.3 N and 80.8 N and 'hard' the pulp firmness between 80.8 N and 93.5 N. Therefore, considering this parameter, cv. 'Eva' is 'very soft' and cv. 'Princesa' 'soft' . Pulp firmness is very important for apple cultivation, as it is used to standardize the harvest time (Nachtigall, 2004) , because it determines the penetration resistance break, thus an indicative of fruit consistence.
In relation to fruit mass, cv. 'Princesa' fruits were 22% higher than cv. 'Eva' fruits (Table 4) , surpassing even results recorded for 'Gala' and 'Fuji' that presented average mass of 137.7 and 135.9 g, respectively, when grown under temperate climate (Dabul & Ayub, 2006; Fioravanço et al., 2010) . Chagas et al. (2012) in a study realized in west region of São Paulo State also registered superiority of 'Princesa' in relation to 'Eva' with average mass of 145 and 141 g, respectively. The other side, independently of apple cultivar, the average values of Table 4 are lower than 225.1-275.1 g range reported by Iglesias et al. (2008) for cv. 'Fuji' in Spain.
The differences between cultivars for fruit mass were enough to cause a different fruit classification, because when comparing fruit mass according to the criterion defined by the Brazilian Association of Apple Growers (ABPM, 2015) the cv. 'Eva' fruits are classified in class caliber 150, while cv. 'Princesa' fruits in class 120. It detaches that in each region the plants are subjected to oscillations on air temperature, rainfall and soil that can stimulate or suppress genetic composition aspects, affecting phenotypical expression, including fruits (Oliveira et al., 2014) .
'Eva' fruits presented elongated shape, with length invariably higher than width, while cv. 'Princesa' produced fruits flattened shape, i.e., fruit width greater than length (Table 4 ). The width average values recorded in the present study (Table 4 ) are compatible to those averages reported by Chagas et al. (2012) for 'Eva' (63.7 mm) and 'Princesa' (67.9 mm) in west region of São Paulo State, and higher than those registered by Santos (2013) for the same apple cultivars grown in Lower Basin of São Francisco Valley.
Several factors affect apple fruit size and shape, such as genetics, climate conditions during flowering, cell division and expansion, number of fruits per leaf area unit, number of seeds per fruit, fruit distribution and position on plant, water and nutrient supply and plant age (Nava et al., 2003) .
Fruit width, independently of apple cultivar, increased with nitrogen fertilizing enhancement until 169 kg ha -1 for cv. 'Eva' and 176 kg ha -1 for cv. 'Princesa, and this increase was immediately followed by decay (Figure 1 ). This result disagrees of those quoted by Nava et al. (2007) who verified that apple size is more affected by the number of fruits per plant in relation to the nitrogen fertilizing provided. However, according to Ernani et al. (2008) , the nitrogen fertilizing in the first forty-five days after flowering, during cell division phase favors fruit growth and, consequently, fruit width, which probably occurred in this study, since at this time all plants had already received two nitrogen fertigations in their respective doses. A.
In general, apple fruit format is characterized by cultivar and it is important for marketing, although its real importance is for phytopathology, since changes in fruit shape may predispose to a higher incidence of moldy core, one of the main apple diseases (Nachtigall, 2004) .
Apple cultivar significantly affected the superficial skin color and background skin color, except for H (Hue) of superficial skin that not varied between apple cultivars (Table  5 ). There was no significant effect of nitrogen doses neither nitrogen dose x apple cultivar interaction.
'Princesa' cultivar presented lower luminosity (L) of superficial skin color, indicating a darker red skin (Table  5) . Santos (2013) in study about 'Eva' and 'Princesa' apple cultivars in Petrolina, Brazil reported L average values of 35, thus compatible to those quoted in the present study. On the other hand, the averages included in Table 5 are lower than those recorded by Chagas et al. (2012) which ranged from 45.2 ('Eva') to 46.4 ('Princesa'). It detaches that skin luminosity represent surface brightness and follows a scale from 0 (dark) to 100 (white color).
'Princesa' apple cultivar presented less intense superficial skin color [Chroma (C)] in relation to 'Eva' (Table 5) , values which are compatible to those found by Santos (2013) who registered 24. The Chroma variable defines the color intensity, assuming values near zero for neutral colors (grays) and nearly 60 to vivid colors that, for apples develops early and varies greatly as a function of environmental factors and cultivars reason whereby the apple skin color is not considered a maturation index (Iglesias et al., 2008) .
Pell angle or Hue values were not affected by apple cultivar (Table 5 ), but, independently of cultivar, fruits were more red (lower Hue angle) than those produced by Santos (2013) , who registered 60º and 41º for 'Eva' and 'Princesa' , respectively. In addition, Chagas et al. (2012) observed 37.7º ('Eva') and 42.7º ('Princesa') and Angelis et al. (2011) reported 39.5º for cv. Gala.
In relation to Hue angle Iglesias et al. (2008) argue that the lower color angle (Hue), the better the skin red color, revealing the visual quality of both apple cultivars produced under semi-arid climate.
In a general form it is important to detach the nonsignificant effect of nitrogen doses applied through fertigation on all variables studied (Tables 4 and 5 ). This result was also identified in the scientific literature about different apple cultivars (Ernani et al., 2008; Roussos & Gasparatos, 2009; Han et al., 2011; Li-Zhi et al., 2012) and it could be explained by the low nitrogen demand of apple tree whether compared to other fruit species, as Ernani et al. (2008) detach.
In the present work, despite the low soil organic matter where the experiment was performed [(0.6%) Table 2 ], plants of both apple cultivars were adequately supplied in nitrogen (23.2 and 29.5 g kg -1 , respectively for 'Eva' and 'Princesa') according to the stated adequate range of supply defined by Malavolta et al. (1997) (23 to 25 g kg  -1 ) and, indeed, it should be enough to fruit production with quality of both cultivars.
Conclusions
1. Nitrogen fertilizing is not necessary for fruit production of apples 'Eva' and 'Princesa' , during one cycle in Petrolina, when the plants are N supplied at the beginning of the cycle.
2. The fruit quality attributes for apple depends on cultivar: fruit firmness, SS/TA ratio, fruit mass and fruit width are higher on cv. 'Princesa' , while fruit length is higher on cv. 'Eva' and, both of them produce fruits compatible to market exigencies when grown under semi-arid conditions. Table 5 . Resume of variance analyses for superficial skin color and background skin color for 'Eva' and 'Princesa' apples as a function of nitrogen fertilizing cv. -cultivar; V. C. -variation coefficient; LSD -Least significant difference; ** -significant at P < 0.01; * -Significant at P < 0.05; Data followed by different letters in columns are significantly different according to Tukey test.¹L -luminosity; C -chroma; H -Hue angle
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